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IS &)] [OBJECT] 

^<n%Wlt, ¥Wfc/Mm^& Th 's invention aims at lowering junction barrier 

<£>S-£-^y TSr{£< LT\ '^^l of a semiconductor/superconductor and to 

^-<D^l^&|n]±£-t*:.5 - t & im P rov e the transmittance of quasi particle. 
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[SUMMARY OF THE INVENTION] 

The superconductive device of this invention 
forms the superconductor layer 3 on a 
semiconductor substrate 1 via the metal layer 2 
which consists of an alkali metal, an alkaline 
earth metal, or a lanthanum metal. 
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[CLAIMS] 



[CLAIM 1] 

The superconductive device which forms a 
superconductor layer on a semiconductor 
substrate via the metal layer which consists of 
an alkali metal, an alkaline earth metal, or a 
lanthanum metal. 
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[ftwmmtmm [detailed description of invention] 

[ 0 0 0 1 ] [0001] 



[mmtmmmn [industrial application] 

^(omWtm.MMf^^ *kz.m Tn 's invention relates to a superconductive 

u m^tmwt mmmfct<D device - 

&&(D&&^mi-Z> 0 Especially, it is related with improvement of the 

joining of a semiconductor and a 
superconductor. 

(0 0 0 2] [0002] 
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[PRIOR ART] 

As the device using the joining of a 
semiconductor and a superconductor, the 
superconductive transistor is known. 

This applicant have proposed previously the 
device which used the joining of an oxides 
superconductors and a semiconductor for the 
joining between collector * bases (detailed in 
Japanese Patent Application No. 3-224565). 



6{C 



[0003] 

As for this proposed method, If you perform the 
dope of the Nb to a single crystal SrTi03 in 0.08 
to 0.5 weight%, it has a characteristic that 
SrTi03 will be an oxide n type semiconductor 
and SrTi03 of this Nb dope is a perovskite 
structure. Using this characteristics, the 
epitaxial growth of the Ba1-xKxBi03 ( 0.2< 
x<0.5 here) (it describes as BKBO 
approximately hereafter) film is performed. 

The low energy type superconductor base 
transistor using this is shown in Fig. 6. 

The oxide semiconductor which consists of 
the single crystal SrTi03 which doped 0.08 
weight % or more to 0.5 weight% or less of Nb 
is used for this superconductor base transistor 
as a collector area 10. The base area 11 which 
consists of the superconductor thin film of 
BKBO composition by the sputtering method is 



01/08/17 



4/17 



(C) DERWENT 



JP6-164004-A 



DERWENT 



THOMSON SCIENTIFIC 



V* $ It, N b £ 0 . 0 8 a*% formed on this collector area 1 0. 
£X± 0 . 5 mm%UT K— 7°L And, an insulating film 12 is formed on this base 
it^SrTiOJ^/iS area 11. 

For example, the Au (gold) electrode 13 
functioning as an emitter area is formed by 
vapour deposition. 



i w 3 

i i is^^ti 
•So -tLT, ^ (D^<~7^i$, i 
1 -tf-Mflg 1 2 U a: 
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£7iMU (SE) 
H^ft (sc) &£K:«fc«?8W 

£<fc 9*«>P)Hfc^j; 7 U B ) 
&Ml££tiZ> (Phys.Rev7 l 
( 1 9 4 7 ) 7 1 7. Jhon 
Bardeen) D 
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fi, X sc 

X SE f2¥$ft©tfc*Bgffc % 2 A 

({&u mnmim&nmmT 

cU±X'lt2 A = 0) T*fc^ 0 



[PROBLEM ADDRESSED] 

By the way, a superconductor is formed on a 
semiconductor and the barrier (phi) (B) 
determined by the specific surface potential 
provided by semiconductor (SE) / 
superconductor (SC) joining is formed 
(Phys.Rev71 (1947) 71 7. Jhon Bardeen) 



[0005] 

Fig. 3 (a) is an energy band diagram of a 
semiconductor. Fig. 3 (b) is an energy band 
diagram of a superconductor. Fig. 3 (c) is an 
energy band diagram of a semiconductor / 
superconductor joining. 

In these figures V is a vacuum level. Ec is the 
bottom of a conductor. Ev is the top of the 
valence-electron body. EF is a Fermi level. XSC 
is the work function of a superconductor. XSE is 
the work function of a semiconductor. 2 
(DELTA) is a superconductor energy gap 
(however, 2(DELTA) = 0 where it is 
superconductor condition critical-temperature 
Tc or more). 
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10 0 0 6] 

SE ) tmmm^<oj±mm <x 

sc ) ©i. fiP"^> X SC -X SE ^V< 

y r <*> B m*i ^-r s 0 r v t 

3„ 113 (c) (^i"J;5^, 

-ft-KWim, T T L p v 5 

ffll/^ftTI^<5 0 fij^ 

A-^l^i LT/B^ibftT 
(^5 (T.Kobayashi et al :Jpn. 
Appl. Phys.25 (1986) p.p.402 

[0 0 0 7] 

ftiWigm^M-^tmA^ft 
So ^<Dtctb s Hiv^r U B ) 



[0006] 

Generally, the difference of the work function 
(XSE) of a semiconductor and the work function 
(XSC) of a superconductor, i.e., XSC-XSE, is 
equivalent to barrier (phi) B. 

This barrier is called Schottky barrier. 
If a superconductor is formed on a 
semiconductor as shown in Fig. 3 (c), the 
barrier of B (phi) will be formed. 

The current-voltage characteristic of the 
joining has rectification for the asymmetry of this 
joining. 

The device using this rectification is called 
Schottky diode, and is used as the base/ 
collector junction of TTL logic, a microwave 
mixer, or a superconductor base transistor. 

Moreover, with the high-energy type 
superconductor base transistor, this joining is 
used as an emitter / base joining (1986). (T. 
refer Kobayashi et aUpn.Appl. Phys.25 p.p.402) 



[0007] 

In the case of a low energy type superconductor 
base transistor, Since an emitter / base joining 
consists of a metal / tunnel layer / 
superconductor layer, the quasi particle of a low 
energy is injected into a superconductor base. 

For this reason, in the base/collector junction 
of a high barrier (phi) (B), there was a problem 
that the transmittance to the collector area of a 
quasi particle was obstructed. 



[0 0 0 8] [0008] 

I (OftWlt, ±i$ Ltc&&(Dffl This invention is made in order to eliminate the 
ij&£#P$S1"<5 tctb^te&titc above-mentioned conventional problem. 

The junction barrier of a 
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t> <£>{;: LT\ ¥^fc/$mM^-i$- semiconductor/superconductor is made low. 

V TZ1&< LT\ m$L The transmittance of a quasi particle is 

T-£>igi§^5£|£] ±£-£5 - t £ im P""oved. Let an above be that objective. 

[0 0 0 9] [0009] 



[SOLUTION OF THE INVENTION] 

The superconductive device of this invention 
formed the superconductor layer on the 
semiconductor substrate via the metal layer 
which consists of an alkali metal, an alkaline 
earth metal, or a lanthanum metal. 
It is characterized by the above-mentioned. 



(0 0 1 0] 



[0010] 



±lz.^a Mono Layer (M ■ L) M 



[EFFECT] 

The work function of an alkali metal, an alkaline 
earth metal, or a lanthanum metal is 
considerably low compared with a usual metal 
work function. 

If the some Mono Layers (M*L) formation of 
these metal are performed on a semiconductor, 
the work function on a semiconductor can be 
made low. 

Therefore, if the joining with a superconductor 
is formed on this, height of a barrier (phi) (B) 
can be made low. 



[0011] 



[0011] 



[HJSM [Example] 

J^T\ ^(D^mcoMMM^-o^ Hereafter, with reference to a drawing, it 

LXWtW-tZ) 0 explains per example of this invention. 

[0012] [0012] 

T)Vf) y T)V-fr V ±li& The work functions of an alkali metal, an 

M> Xlty >&m<Dfk^m alkaline earth metal, or a lanthanum metal are 

mt, #J;itf, C s : 2 14 Cs:2 - 14e V, Ca:2.87eV, and Ba:2.14eV, for 
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e V, C a : 2 . 8 7 e V, B 
a : 2. 1 4 e Vt'fcS, ~tl 

^•J^f^ P t : 5. 6 e V, A 
u:5. leV, Hg:4. 5 
e V, T i : 4. 3 e VT'&<5 0 

[0013] 

is ay b*—m-g-<Dtfnk LX 
ffl^ir ktfX%6 0 

[0 0 14] 

m i iz^-t ,t 5 ¥ 

LT«>!) = (s i ) 1 

M *A (Na) £/Bl^T, S 
i ±(^1N a if 2 £• 0~ 1 M • L 
mm-fZ>~k^£'Q ^ Na/S 
iS^&TI&jJcU S i ±<£>ft* 

B8»&aj£ Lfc^m^m 4 ^ 
1-0 



example. 

On the other hand, usual metal work 
functions are Pt:5.6eV, Au:5.1eV, Hg:4.5eV, and 
Ti:4.3eV, for example. 

Thus, the work function of an alkali metal, an 
alkaline earth metal, or a lanthanum metal is 
considerably low compared with a usual metal 
work function. 



[0013] 

On the other hand, because an alkali metal, an 
alkaline earth metal, or a lanthanum metal is 
usually active, it is not made into the material as 
a schottky junction. 

However, it can use as material of a schottky 
junction by forming these at low temperature in 
a ultra-high vacuum. 



[0014] 

Consequently, as shown in Fig. 1, the sodium 
(Na) is used as an alkali metal, using silicon (Si) 
1 as a semiconductor. 

By performing the 0-1 M*L laminate of the Na 
layer 2, Na / Si joining is formed on Si. 

The result which measured the work function 
on Si is shown in Fig. 4. 



[0015] 

-©Na/S i ~5 X 

1 0- 11 To r r COBMM^X 
^mtfctz. 7 X 7/^->^R 
HEEDfia^SS ili 
lll;MBE&tJ;oTN a £ 
mZMftlrZ) d t K «fc 9 TFM-f 
5 0 Z LT, K - c e 1 1 <DU 
1^ 7 2 0°Cte: LTBS&f-f s 

t % 1 O^tlM- LCDN a iff 



[0015] 

This Na / Si joining are formed by irradiating Na 
metal by MBE method on the Si substrate 1 by 
which 7*7 pattern cleaved in the ultra-high 
vacuum of -5*10-11 Torr is observed bv 
RHEED. 

And, if temperature of K-cell is made into 720 
degree C and irradiated, the Na layer 2 of 1M*L 
can be formed in 10 minutes. 

Fig. 4 measures a work function (W. F) when 
Na is formed for every about 0.1 M*L at that 
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2£Ml$-tZ)^btfm%;Z, 0 M time. 
4\t^(Dm^}0. 1M • LZ't 

(W. F) ^fflULfct© 
T-<fe3. 



[0016] 
CW0^fe!pJ5 «fc 0. 2 

M • L&tZfo2 e V©tt*§gft 
©SM^jL&av 0. 5M-L 

u±mm l x fe * •? «^as^, 

T U B ) t LTfi££Hlt©k0> 

jr> xit?^? 

[0 0 17] 

UN b ^ffl^X, 
9(-^3*^(S i) 
/T/lo&y&Jg (Na) (1M- 

l) /mmmw- (Nb) <d&% 

jaS^Cfi, NattS i iNb(D 
P^(Cfcifc£tLT Nb 
/S i <DmGtfBi&£ti, 



[0016] 

As shown in this diagram, a reduction of about 
2eV work function is observed by 0.2 M*L 

Even when it laminates more than 0.5M*L, 
much reduction is not observed. 

From this, a barrier (phi) (B) which has 
negative value can be formed on the joining 
which laminated on the semiconductor for the 
low work-function metal of approximately 1M*L,. 
The joining of the semiconductor of a low barrier 
and a superconductor can be formed using this. 

Namely, what is sufficient is just to form the 
superconductor layer 3 via the metal layer 2 of 
the low work function of an alkali metal, an 
alkaline earth metal, or a lanthanum metal on a 
semiconductor 1, as shown in Fig. 2. 



[0017] 

However, the metal of these low work function 
tends to become an ion. It is easy to diffuse in 
solid state generally. 

For example, Nb is used as a 
superconductor. 

As shown in Fig. 2, when making the joining 
of semiconductor (Si) / alkali-metal (Na) (1 M*L) 
/ superconductor (Nb), Nb is usually formed to 
lamination by ion-beam vapour deposition by 
the 400-degree C substrate temperature. 

However, at this temperature, Na will be 
diffused in both Si and Nb. The joining of Nb/Si 
is formed. The joining of the semiconductor of a 
low barrier and a superconductor cannot be 
formed. 
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[0018] 

Consequently, in order to prevent this diffusion, 
when making the joining of semiconductor (Si) / 
alkali-metal (Na) (1 M*L) / superconductor (Nb), 
the substrate temperature at the time of Nb 
formation is limited in temperature of 0 degree 
C - 150 degree C. 

By forming for 1000 seconds at EB rate of 1 
angstroms / second within MBE device of 1*10- 
10 Torr, there is no barrier, namely, the joining 
with small rectification was able to be obtained. 



[0 0 19] 

±tmttmmm<D&m t lt 

LTK, R b, C s X, T>V% 
V±M&mt LT, Mg, Ca, 
B aW.i^y>^>^^mt LT 
La, P r , N d, Sm£ffll^ 

&¥^fc±fc 1 M • L^-f 5 
&f*£* 1 i^^-fo 

[0 0 2 0] 



[0019] 

As an above low work function metal, K, Rb, 
and Cs as an alkali metal in addition to Na, and 
as an alkaline earth metal, Mg, Ca, and Ba, 
Furthermore La, Pr, Nd, and Sm can be used as 
a lanthanum group metal. 

The conditions which perform on a 
semiconductor the 1M*L formation of each of 
these metal are shown in Table 1 . 



[0020] 



[Ml] 



[Table 1] 











K-cell 
CC) 


Na 
720 


K 

780 


Rb 
820 


Cs 
830 


Mg 

700 


Ca 
730 


Ba 

800 


La, Pr, Nd, Seq 


E-gan 
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[0 0 2 1 ] [0021] 

X, ::;h,kffitt$IBgc&JR©_t Moreover, the metal group superconductor 

lZ-&M-t2>4tM7fcj&W&#b ^ lamir| ated on these low work-function metal and 

<DMf$$zW$:%; 2 \C7Fi- 0 its forma tion condition are shown in Table 2. 



[0 0 2 2] 



[0022] 



l&2] 



[Table 2] 





Nb 


Nb/Au 


Pb 


Pb/Aa 


Pb/Ag/Au 


Egun 
(A/sec) 


i 


1/1 


5 


5/1 


1/1A 


(A) 


1000 


1000/300 


1000 


1000 
/300-500 


1000/300/300 


sec 




1000/300 




200/300 


1000/300/300 


ec) 


0-150 


200-0 
/0-100 


0-100 


200—0 
/0-100 


200—0/0—100 
/0-100 
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h7>^^l:lf Lf: 

[0 0 2 4] 

MM^-fatLX^ BKB05- 
JBl^fc. itfNbtO. 0 5- 
0. 5ii%K^LfcSrT 

i o 3 m&gkmm 5 zmM-rz. 



[0023] 

Next, the example which applied this invention 
to the low energy type superconductor base 
transistor using the oxides superconductors is 
explained with reference to Fig. 5. 



[0024] 

In this example, BKBO was used as an oxides 
superconductors. 

SrTi03 single-crystal substrate 5 which 
doped first 0.05-0.5 Weight% of Nb is prepared. 

And, this SrTi03 single-crystal substrate 5 is 
cleaned using a triclene, acetone, and 
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fcmt by 9 isyp^m^®. i 
i oft?$mrttti?tifto a * 

^■■V >v-\— 1X1 0- 10 T o 

s r t i o 3 mm&mm 5^7 

[0 0 2 5] 

^LT, £|g^&3 0 0 o C(C 



USrTi 0 3 ^ H B B S« 
b £ 1 ~ 1 0M • LMLT, 



[0 0 2 6] 

r. ©7;u* y &mm 6 off^B# 

f-s B a , B i ©-fe/U&jbnfl&L 

^Mfll 6 tfpJr ^CD 1 ~ 1 0 M • 
LftmZfrltcVk^ Ba<D7y<y 

^S:^A1-5o A- 
£Hl^TBKBOI!g7 ^TVl^ 

y^JSK6(0±{j: lOOoAi 



methanol. 

Cleaning is made by soaking 10 minutes of 
ultrasonic waves in a triclene, and soaked 10 
minutes of ultrasonic waves in acetone, and 
soaked 10 minutes of ultrasonic waves in 
methanol respectively. 

After that cleaning finishes, after drying 10 
minutes in 120 degree C of vacuum oven, it 
sets in the vacuum chamber of MBE device. 

After setting the inside of this chamber as the 
ultra-high vacuum of 1*10-10 Torr, 5 minutes of 
heat cleanings according SrTi03 single-crystal 
substrate 5 to the temperature of 720 degree C 
are given. 



[0025] 

And, a substrate temperature is set as 300 
degree C. 

The 1-10M*L formation of K or Rb of an alkali 
metal is performed on SrTi03 single-crystal 
substrate 5. 
The alkali-metal film 6 is provided. 

[0026] 

The cell of Ba and Bi is also heated at the time 
of a formation of this alkali-metal film 6. 

After the alkali-metal film 6 of K or Rb are 
formed with predetermined 1-10M*L, the flux 
emission of Ba is begun and 02 plasma is 
introduced. 

After that, all cells are opened and 1000 
angstroms of the BKBO films 7 are formed 
lamination on the alkali-metal film 6. 



[0 0 2 7] 

BKBOm7 <DM®&, Ifctfk 
tiZlKl, BK 
BOl3i(^i/<y7 8^ 



[0027] 

The natural barrier 8 is formed on the BKBO film 
3 by exposing to dry air after a formation of the 
BKBO film 7. 

This natural barrier 4 is used as an insulating 
film. 
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[0 0 2 8] [0028] 

B K BOil 7 Next, the substrate 5 on which the BKBO thin 

tbfcStR 5 ^-flE^ tr— A^if |£ film 7 was formed is put in the vacuum chamber 

fStcDMQJ- -v ys<— f*j (d AtL of an e,ectron -beam vapour-deposition device. 

Au^ibft-SMl OOOAo I he , emitter area 9 of 1000 an9stroms film 

=. - -v *filJtf q *ir^- k— / 3? tnickne ss which consist of Au is formed on the 

n Si^r^Zl^ti natural ba ™'er 8 by electron-beam vapour 

**^«fc9 iffs^y Z8±l£?fejEfe deposition. 

Lx / ^~-*/=>^? ?<D^V The low energy type superconductor base 

T U B ) iM5^c**f S5^s transistor on which the joining which almost 

M^^titcU^-^/^^—MBM does not have the barrier (phi) (B) of a 

7, V y $ £#5 ^ base/collector was formed can be obtained. 

[0 0 2 9] [0029] 



<DX\ 



[EFFECT OF THE INVENTION] 

As explained above, according to this invention, 
Because the work function on a semiconductor 
can be made low, if the joining with a 
superconductor is formed on this, it will be 
enabled to make height of a barrier (phi) (B) low. 

The transmittance of a quasi particle can be 
improved. 



[BRIEF EXPLANATION OF DRAWINGS] 



[0 1 1 [FIGURE 1] 

- (D^PJco— MMfflfrTF-tWrffa is the sectional view showing one example of 

H~C&5 0 this invention. 

[®2] [FIGURE 2] 

•I V^Wlft—^Mffl&TFi-ffiiiQ It is the sectional view showing one example of 

MX"&% 0 this invention. 

[El 3] [FIGURE 3] 

S3 ( a ) (i^ffccD^/u^ Fig. 3 (a) is an energy band diagram of a 

y<y 12 3 (b) semiconductor. Fig. 3 (b) is an energy band 

fo<D^^/uir'<> Kt£L H 3 dia 9 ram of 3 superconductor. Fig. 3 (c) is an 

( c ) ener 9 v band diagram of a semiconductor / 
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£^-TI$iT®l2]T*fe-5 0 
[me] 

i 

2 feitmM&o&mm (n a ) 

3 mmm^m 

■mi] 



superconductor joining. 
[FIGURE 4] 

It is the diagram showing the relationship of the 
film thickness with Na metal layer and the work 
function on silicon. 



[FIGURE 5] 

It is the sectional view showing the example 
which applied this invention to the low energy 
type superconductor base transistor using the 
oxides superconductors. 

[FIGURE 6] 

It is the sectional view showing the conventional 
low energy type superconductor base transistor. 
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